Introduction
Flavor additives are often an important part of tobacco products because they provide a product its signature or characterist ic taste and appeal. Hundreds of synthetic and natural sources of flavors are used in tobacco products.
1-5 A large portion of US tobacco products contain significant amounts of flavor additives. 6 Flavorings for US products include spice powders, extracts, tinctures, oleoresins, essential oils and individual flavor chemicals. 7 In the United States, approximately 31% of the cigarettes and 75% of smokeless tobacco (SLT) products are advertised as "flavored," with menthol and wintergreen being the most popular flavor for cigarettes and SLT products, respectively. 8, 9 Flavored little cigars have also gained increased attention due to the recent ban on cigarettes marketed with a "characterizing" flavor, excluding menthol, under the Family Smoking Prevention and Tobacco
Control Act of 2009. 10 In Southeast Asian populations, the use levels of SLT products and custom-made preparations are relatively high. 11 Many SLT products contain a diverse mixture of spices and additives for flavor enhancement that can include hazardous constituents. Ke y Southeast Asian SLT products include zarda, quiwam, khaini and gutkha. For example, zarda typically contains a mixture of tobacco, lime, spices and occasionally silver flakes as well as other flavoring agents. Quiwam is a paste-like preparation containing tobacco extract, spices and additives. Preparations of khaini typically involve the use of sun-dried tobacco and slaked-lime; gutkha usually contains areca nut, slaked lime, catechu and flavoring agents to improve appeal. 12 A number of flavor chemicals commonly found in select SLT products potentially have harmful health effects. Eugenol, the main flavor chemical of cloves, can cause respiratory infection, aspiration pneumonitis, hemoptysis, and hemorrhagic pulmonary edema in some individuals. 13 Camphor is toxic at large doses and can cause disorientation, muscle spasms, abdominal cramps, lethargy, irritability, vomiting, seizures, and convulsions. [14] [15] [16] [17] Coumarin can be found in tonka bean, vanilla grass and sweet woodruff, and was shown in the mid-1950s to cause liver toxicity in laboratory animals following oral administration. 18, 19 Subsequently, coumarin and tonka bean were eliminated as flavoring agents in the United States. 20 Diphenyl ether is a synthetic compound used in a variety of applications, including a heat transfer medium component, and as a soap perfume. 21 At large doses, diphenyl ether has also been shown to cause severe, irreversible degenerative lesions on the liver and kidneys of humans. 22 As a tobacco flavoring agent, menthol is the most widely used additive. Menthol ingestion has been shown to cause vertigo or ataxia in some individuals and menthol can potentially act as a nicotine delivery enhancement agent in tobacco products as well as a reinforcer of smoking behavior. [23] [24] [25] [26] In comparison to cigarette smoke, relatively little data has been reported on quantitative analysis of flavor additives in tobacco products. Solid-phase microextraction (SPME) coupled with gas chromatography/ mass spectrometry (GC/MS) methods are a commonly used technique for quantitating flavor chemicals in both whole tobacco product as well as the smoked products. 27-30, Limitations for many conventional analytical methods is that the concentration ranges of the analytes are relatively low and the precision (C.V.%) can be rather poor (~15% for some analytes). Other methods of quantitation utilize solid-phase extraction followed by liquid-liquid extraction before GC-MS analysis, or extraction followed by gas chromatography-time of flight (GC- Structural information can be found in Figure 1 . 3',4'-(methylenedioxy)-acetophenone (MDA) was also purchased from Sigma-Aldrich and was used as an internal standard for quantitation of flavor analytes. Research cigarette, 3R4F, was obtained from the University of Kentucky and was used as matrix blank for the addition of calibration standards (Lexington, KY, USA). All other chemicals were of analytical grade and were purchased through Fisher Scientific unless otherwise indicated (Pittsburgh, PA, USA).
Sample Preparation and Analysis Procedure:
A 400-mg sample of blank matrix or tobacco product was placed into a 15-mL amber vial and the product weight recorded. 50 µL of MDA internal standard solution was added to the tobacco and allowed to stand for 15 min to allow for absorption into the matrix. The sample was then extracted with a 10-mL of methyl tert-butyl ether (MTBE). MTBE was chosen as an extraction solvent due to its polar property and extraction efficiency for the desired analytes. Vials were capped and placed on a Rugged Rotator (Glas-Col; Terre Haute, IN, USA) to tumble at 70 revolutions/min for 1 hour. After agitating, 1 mL aliquots of the sample extract were expressed through a 0.45 µm syringe filter directly into individual GC vials. Samples were then analyzed by GC/MS in triplicate (n=3). Note: if concentrations of any flavor analytes fell outside the upper calibration range, the samples were re-run with a smaller sample mass to ensure accurate quantitation. Reported analyte concentrations were corrected for sample mass variation.
Instrumentation and Apparatus:
The GC/MS analysis was performed using an Agilent 7890 GC coupled with a 5975 MSD (Agilent Technologies; Newark, DE, USA). The GC/MS system was equipped with a CTC autosampler (LEAP Technologies; Carrboro, NC, USA), which injects 1 µL of the extract from each vial into the GC inlet. The GC injector was maintained at 250°C with a helium split flow rate of 70 ml/min. All injections were made in split mode with a split ratio of 40:1 and a solvent delay of 2.0 min. The chromatographic separation was accomplished using an Ultra-2 capillary column (25m x 0.32mm x 0.25µm) (Agilent Technologies; Andover, MA, USA) with research grade helium (>99.9999% purity) used as the carrier gas and a sample chromatogram is shown in Figure 2 . GC ramp conditions were as follows: 35°C, hold 0.75 min; ramp at 80°C/min to 170°C; ramp 1°C/min to 172°C; lastly ramp at 80°C/min to 280°C, no hold. Total GC run time was 5.8 min. The transfer line temperature was maintained at 285°C. Compounds were ionized with electron ionization energy of 70eV and ionized in positive ion mode. The MS ion source and quadrupole were maintained at 230°C and 150°C, respectively. Mass to charge measurements were made using selected ion monitoring (SIM). The compound retention times and quantitation/confirmation ions are recorded in Table 1 .
A standard stock solution was prepared by weighing each flavor standard and diluting it with acetonitrile to a volume of 50 mL. Acetonitrile was chosen as solvent to preserve the stability of the aldehyde and ester flavor standards. Known volumes of the stock solution were further diluted to provide the desired calibration standards. Standard curves (9-points) were then constructed by spiking approximately 400 mg of the 3R4F research cigarette filler with 200 µL of each calibration standard and 50 µL of t he MDA internal standard. Calibration curves were examined using 1/x weighting, and all analytes exhibited linearity (R 2 ) greater than 0.997. An initial LOD for each analyte was estimated as 3s 0 where s 0 is the estimate of the standard deviation at zero analyte concentration. The value of s 0 was taken as the y-intercept of a linear regression of standard deviation versus concentration as specified by Taylor et al. 34 A summary of the linearity, LOD, calibration range and retention time for each flavor analyte are available in Table 1 .
In order to validate the method, the method precision and accuracy of each analyte at three concentration levels was determined. Precision/accuracy data was obtained by adding flavor standards to a blank 3R4F matrix at low, medium and high concentration levels of flavor analytes. A synthetic standard had to be used in order to assess the precision and accuracy of the ten flavor analytes due to the unavailability of flavored tobacco standards. A blank control was prepared by assessing five 3R4F
reference cigarette filler samples with only the MDA internal standard. The recovery range spanned 94% to 107% for all three addition levels, and precision was excellent ( Table 2) . Note: the extraction time of 1 hour was found to be optimal. Samples were prepared as described above and analyzed at 30 minutes, 1 hour and 2 hours. After 1 hour, extraction was found to be complete. In general, interferences from the tobacco matrix were minor but in order to confirm the presence of each analyte of interest, confirmation ion ratios for each analyte were calculated and used to confirm the presence of each analyte of interest rather than matrix interferences. If observed confirmation ion ratios were ≥10% different than found in the standard, the concentration of that sample was not reported. Relative retention time (analyte vs. MDA internal standard) was also used to confirm analyte presence.
The robustness of the extraction solvent, MTBE, was also tested by extracting QC samples with 7.5, 10 and 12.5 mL of MTBE. It was found that observed concentrations of spiked analytes onto a 3R4F blank matrix remained constant despite differences in extraction volume due to the presence of internal standard in the sample.
Results and Discussion
This method allows for quick and rapid quantitation of selected flavor compounds in any whole tobacco product, smoked or smokeless, with the same sample preparation procedure. Excellent linearity (>0.997), accuracy (93.9% -106.6%) and precision (C.V., 0.5% -3.0%) were achieved for all flavor analytes measured. A larger calibration range (5 µg/g -10,000 µg/g) allowed for convenient quantitation of a wide range of products without further sample dilution. This is particularly important when anal yzing SLT products with extremely high levels of flavor analytes such as methyl salicylate and diphenyl ether. The highest prevalence for the ten flavor compounds in SLT was in products from Southeast Asia ( Table 3) . With the exception of mint snuff, the prevalence in domestic tobacco tested was much lower.
A wide calibration range with good linearity is important for many analytes when examining diverse products. As previously noted, Southeast Asian products contained a wide range of flavor compounds with varying concentration ranges. For example, menthol was found in all the brands in a wide concentration range but at the relatively high concentrations of menthol, inten tional inclusion in many product types is likely even though those products are not marketed as containing menthol. Cinnamaldehyde and camphor were found in all five SLT varieties, while eugenol was found in four of the five varieties tested. Zarda A contained the largest concentrations of these analytes, 1060 µg/g and 1010 µg/g for camphor and eugenol respectively. Also of interest, coumarin, which is banned in US products, was found in three Southeast Asian products at moderate levels (188 µg/g -439 µg/g). For US snuff products, results were within typical ranges. The mint flavored snuff contained appreciable levels of eucalyptol (218 µg/g), menthol (3240 µg/g) and ethyl salicylate (1770 µg/g), which is consistent with comparable products. 19 Smaller, but measurable, levels of camphor, methyl salicylate and pulegone were also present in the mint product. The wintergreen snuff varieties exhibited high levels of methyl salicylate, (9860 µg/g). Although methyl salicylate is on the "Generally Regarded As
Safe" (GRAS) list, toxic doses can easily be ingested (as little as 4 mL of the readily available oil of wintergreen has caus ed death in children). International clove flavored cigarette filler was also tested to demonstrate this method's utility. The clove cigarette fille r showed differing amounts of eugenol, which originates in clove buds. Clove Cigarette A showed concentrations considerably higher (~30x) than Clove Cigarette B. The difference is most likely due to manufacturing differences between the brands. Clov e Cigarette B states that the clove flavoring is concentrated in the filter and only the tobacco f iller was tested in these experiments.
Similar analyte limitations for screening flavored cigars are found with clove cigarettes due to a different flavor additive profile for smoked products such as cigars and clove cigarettes compared to smokeless products. Also, a strategic decision was made to analyze only filler for cigar and cigarette products and not the wrappers. In general, the wrapper makes up a small percentag e of the product mass and even if flavors were applied directly to the wrappers, diffusion throughout the product is expected. Despite these limitations, this approach is very applicable to diverse smokeless tobacco products and the analytes included are found in a wide variety of products from around the world. Also, the wide concentration range allows for the quantitation of all analytes without further sample manipulation (dilution). Any non-combusted tobacco product can be analyzed and additional analytes could be easily added in the future to cover more common flavor analytes in smoked products.
Conclusions
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